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7ABS TRACT
The occurrence and moleeular size distribution of humic and fulvic
acids in marine sediments from a variety of depositional environments
have been studjed. The alkaline extracts were fractionated into
molecular size fractions using the ultrafiltration technique, and
the humic and fulvic ac;ds were separated by acidificat;on The
structure of the liumic and fulvic acids were studied using elemental
analysis and funetional group determinations. together with infrared
and nuclear magnetic resonance (NMR) spectroscopy.
The results showed sign;f;cant differences between the
abundanee of humic and fulvic acids in different sedimentatiön
areas. High mölecular weight humic acids dominate in the sediments
from the Arabian Sea, the Peru continental shelf and from the Mediter—
ranean sapropels, whereas high molecular weight fulvic acids dominate
in the Baltic Sea sediments. On the basis of the diatom degradafion
experiment and studies on sedimentsunder highly productive upwelling
areas, it was concluded that the humic substances were formed rapidly,
and that both humic and fulvic ac;ds were early products of this
hum;fication process
Structural stud;es showed that fuivio acids have more oxygen—
containing functionai groups compared to humic acxds The solution
and J-3 NMR spectra and solid—state 13C NMR spectra of fuivic
and humic acids were remarkabiy similar. Paraffinic structures,
most likely derived from aigal or microbiai sources dominated in
ali the spectra. Baltic Sea fulvic acid, in contrast to humic acid,
contained significant amounts of polysaccharide—like substances. Än
interesting resembiance is also noted between Baitic Sea fulvic
acid and dried peat spectra.
8INTRODUCTION
Humic substances have been of great interest to many scientist for
centurjes. The first observations were recorded in the 1760’s by
Wallerius, who pointed out the capacity of humic substances to absorb
water and plant nutrients. Äs the dark coloured, organic material
was first found in soil, studies initially concentrated only on
soil sampies. The first attempt to isolate these dark coloured compounds
appears to have been made by Ächard (1786), who extracted peat with
alkali and obtained a dark, amorphous precipitate upon acidification.
Sprengel (1826) made the first comprehensive study of the origin
and chemjcal nature of humic substances. He also studied the solubility
of humic substances in water. His work was extended by Berzelius
(1833), who studied spring water and found that, besides black humic
substances, there were also humic compounds of light—yellow colour. He
attempted to classify humic substances into three fractions. These
were a) humic acid (HA), which was soluble in alkaline solutions,
b) humin, which was inert, and c) crenic and apocrenic acids, which
had the ability to form salts and complexes with di and trivalent
metal ions. This classification was further developed by Muider
(1862), who classified humic substances on the basis of solubility
and colour. The second half of the l9th century was characterized
by the development of metliods for isolating new products from decomposing
plant residues, from soils and from artificial mixtures generated
in the laboratory. Äs Kononova (1966) points out in her review,
each investigator repeated the mistakes of his predecessor by regarding
the substance as individual chemical compounds of specific composi—
tion. The contributions of Odn (1914, 1919), who proposed that
crenic and apocrenjc acids be referred to as fulvic acids (FÄ),
are of particular significance. He also suggested that humic substances
have colloido—chemical characteristics, and he believed that nitrogen
was a contaminant of humic acids rather than an integral part of
its structure. In the early 1930’s, Shmook considered humic acids
to be the most characteristic constituents of humus and regarded
them not as specific compounds, but as a mixture of closely related
substances having similar structural features. Nitrogen was regarded
as a structural component and in this respect his views differed
from those of Odn. The source of N was believed to be the protein
of microorganisms.
9Studies on humic compounds in soils were gradually extended to
water humic compounds. Älthough the existence of water humic substances
was discovered aiready by Berzelius (1833), more detailed studies
were not initiated until the end of the century. One of the earliest
workers in the field was Äschan (1906, 1932), who made extensive
studies on lake and river waters in Finland. One of his main contri—
butions was the finding that humic compounds in different water
areas were not similar and that humic compounds were of great importance
to the colour of the Baltic Sea, and even to that of water in the
North Sea. He also studied metal ion interactions with humic compounds,
specialiy Fe and Äl, and he was of the opinion that these metais
wereimportant in the formation of lake and bog ores.
Since the time of Äschans studies, investigations on water
humic substances have mainly- concentrated on the development of
fractionation (gel fiitration) and spectroscopic methods (UV, fluo—
rescence, IR), elemental and functional group analyses and interactions.
with• metal ions, clay minerais and organic poilutants (Reuter and
?erdue 1977; Pennanen 1975, 1982; Benes et al., 1976; Gjessing 1976;
Khan 1980; Carter and Suffet, 1982; Preston and Riley 1982; Ewald
et al., 1983; Mackey 1983; Piotrowicz et al., 1984; ?lechanov 1983;
Visser 1984).
Humic substances in aquatic sediments have received much
less attention than those of soils and water-soluble •humic
substances. More attention has been paid since the 1960’s to the
occurrence and structure of humic and fulvjc acids in marine sediments
(e.g. Degens et-al., 1964; Bordovskiy 1965; Rashid and King 1969;
Ishiwatari 1971; Nissenbaum and Kapian 1972; Brown et al., 1972;
Bojanowski and Pempkowiak 1977; Cronin and Morris 1982). However,
the nethods used for decades in studying the structure of humic
compounds have proved to lie limited and sometimes to provide misieading
information. In addition to the methods mentioned for water-soiubie
dissolved humic substances, electronspin resonance and degradative
methods, inciuding oxidative and reductive degradation, have been
used in studying sedimentary humic compounds (Sclinitzer and Khan
1972; Älberts et al., 1976; Stuermer and Harvey 1978; Bourbonniere
and Meyers 1983). Nuclear magnetic resonance NMR spectroscopy has
only recentiy shown promise as a suitable technique for the analysis
of structural groups in humic substances (e.g. Dereppe et al., 1980;
10
Hatcher et al. 1980 a,b, 1981, 1983; Saito and Hayano 1981; Wilson
et al., 1981, 1983; Lindberg and Hortling 1984).
Äccording to the simplest definition, humic and fulvic
acids are, as discussed above, the sodium hydroxide extract of a
soil or sediment. The analytical probiem associated with humic substances
is complicated by the simplicity of this definition since sediment
organic matter is a complex mixture of many organic substances. Sodium
hydroxide extracts many of tliese substances, including simple inorganic
and organic compounds as well as complex mixture of polysaccharides
and humic substances. Secondly, humic substances are complex mixtures
that represent products of microbial degradation, cliemical polymerization
and oxjdation. In this work the term “humic acid” lias been used
in the sense of substances extracted by alkali, and precipitated
by acid at pH 2. The term “fulvic acid” has been used for acid and
base—soluble material which remains in solution after the removal
of hunic acid by acidification. Humin falso called kerogen), the
stable residue after alkaline extractions, is not included in this.
work.
The amount of humic compounds in sediments depends on the
evolution stage. Geological evolution is a kinetic concept which,
among other things, depends on time and temperature. The overail
sedimentary evolution is usually divided into three main stages: dia—
genesis, catagenesis and metagenesis. In the early stage of diagenesis,
organic matter loses mainly nitrogen liut later also oxygen. Humic
substances are stili present during the later stage of diagenesis,
but the amounts which can lie extracted from sediments decrease strongly
fpelet 1980). During catagenesis, the organic matter in sediments
generates hydrocarbons (Tissot and Welte 1978; Tissot 1979; Durand
1980). Metagenesis is the most advanced evolution.stage where organic
matter is reduced to graphite.
Since part of the organic matter in sediments is precipitated
from water as particles of various size, its distribution is greatly
affected by hydrodynamic conditions, and in each specific case only
particles of a certain size will be precipitated. In areas where
the hydrodynamic activity of the water favours intensive sedimentation,
it is not only organic matter of local origin that settles, but
also the transported organic matter, which because of unfavourable
hydrodynamic conditions is unable to settle in otlier zones tBordovskiy
1965).
: 1
The accumulation of organic matter in sedirnents is also affected
by the size of the basin, the width of the continental platform
and other bottom morphological features. The character of humic
matter varies with the source material and environment of forrnation
fchristman and Ghassemi 1966; Rashid and Prakash 1972; Wilson et
al., 1983; Jocteur Monrozier et al., 1983). Even under reducing
conditions, organic matter is not protected from humif;cat;on fN;ssenbaum
et al., 1972). Climate may also have an effect on the humification
process, since it will influence the nature and density of the micro—
biological and macrobiological life.
One of the principal reasons for the geochemical and economic
importance of humification is that the process causes the carbqn
and nitrogen to be partially bound into relatively inert humic substancs
instead of being completeiy mineralized and recycled. Humic matter
also plays a key role in the migration and concentration of various
metallic elements and organic pollutants in :the water column, and
atthe surface of the sedirnent fe.g. Salo and Saxen 1974; Benes
etal., 1976; Kerndorff and Schnitzer 1979; Becher et al., 1983;
Boyd et al., 1983; Mackey 1983).
Humic studies have attracted increasing interest in the
Baltic Sea area in the last few years, since it is, felt that there
isa strong need to study the oxygen deficiency in sediments, and
the origin, cycling, and chernical composition of organic matter
in marine ecosysterns. Äithough we know thathumic substances comprise
a large fraction of the total organic matter, our knowledge of the
distribution and chernical structure is still inadequate.
In this work considerable emphasis is placed on organic—rich
sediments, because the amount of organic matter in other types of
sediments yields only smali quantitites, if any, of alkali—soluble
organic compounds.
One of the’ universal’ characteristics of hurnic substances’
is their molecular weight. The most common methods employed in deter—
mining the rnoiecular weights of humic and fulvic acids are ultra—
filtration fGjessing 1973; Buffle et al., 1978), gel permeation
chronatography on Sephadex fIshiwatari et al., 1980; Davies and
Gioor 1981; Dawson et al., 1981, Pennanen 1982; Plechanov 1983),
viscosity measurements (Ghosh and Schnitzer 1980), X—ray scattering
(Thurman et al.,1982) and rnethods based on colligative properties
(Buffle et al., 1977; Reuter and Perdue 1981). The ultrafiltration
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technique has been used in this study. It must be emphasized, however,
that the ultrafiltration technique gives only approximative values,
not absoiute molecular weights. However, when the same method is
used for ali sampies, the results are comparabie.
The aim of the present investigation is to study the humio
compounds in marine sediments. The sediraent sampies for this study
were coiiected from different sedimentary environments. Cores from
the Peru continental shelf (3 depth horizons) and from the Arabian
Sea continentai siope (2 depth horizons) represent sediments under
oceanic upweiiing areas. The core from the Mediterranean Sea contained
two sapropelic iayers and one grey man iayer. Five sediment sampies
were coliected from the Baitic Sea, three of them from oxic basins
and two from anoxic bottoms. In order to understand the formation
of humic and fulvic acids from naturally occurring organic compounds,
degrading diatom debnis, freshly sedimented from a well charactenised
natural field diatom population (dominated by the diatoms Skeletonema
costatum, Nitzschia seviata and Thalassiosira sp.), was aiso
studied. Since only a few moiecuiar weight distribution studies
have previously been reported on humic and fulvic acids of marine
sediments, speciai attention has been paid to this fieid. Än attempt
is also made to compare the content and extractability of humio
and fulvic acids in different manine sediments, and to compare the
chemical structure of isolated humic compounds by means of elemental
analysis, and infrared and nuclearmagnetic resonance spectroscopy. An
attempt has been made to trace, on the basis of these results, the
origin of organic matter in sediments.
RESULTS AND DISCUSSION
1. THE EXISTENCE OF HUMIC AND FULVIC ÄCIDS IN THE SEDIMENTS
In onder to be able to oompare the effect of different sedimentation
environments on the humification process itseif and on the structure
of the humic compounds fonmed, sediment sampies were collected from
different piaces as shown in Fig. 1. These areas have different
bottom morphoiogy, inputs of organic matter and hydrologicai conditions.
Ali the Baltic Sea surficiai sediments studied in this
work were organic—nich (> 3 % organic carbon, dry weight).
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Figure 1. Location of the sampling sites.
Three of the five sampies represented oxic bottoms (C-VI, EB—i and
B0-3) and two anoxic bottoms (Teiii—I and XV-I) Remai.ns of phytopiankton
were found in ali the sampies Ä more precise descr;ptxon of the
sampies is given in Paper III
The sampies taken from the Peru continentai sheif (10182)
and the Arabian Sea continentai siope (1289) were both relatively
organic—rich f> 2 % organic carbon, dry weight) and consisted of
phytoplankton oozes formed under an area of upweiiing. For more
details of the Peru continental shelf sampie see Paper II and of
the Arabian Sea continental siope sampie see Paper IV.
The East Mediterranean sample (10103) cons;sted of three
depth horizons as descr;bed in Paper IV The two upper sections
were i sapropels and the one underneath them grey man. The organic
carbon content in the sapropels was about 2 %, and in the grey man
as low as 0.3 % (Iv).
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Figure 2. The distribution of humic and futvic acids
(mg/g dry sediment) in marine sediment.
The sediment sampies studied in this work represent a wide
range of sedimentation rates and ages. The sedimentation rate for
sapropel sampies (7000—9000 years) obtained from the.Eastern Mediter—
ranean ja estimated to be about 0.23 mm a’ fSutherland et al.,
1984). The age limits for the Arabian Sea continental siope sediment
sampies were 700—3000 years, which yieids a mean sedimentation rate
of 0.04 mm a1. This is in good agreement with the data given by
Kolia et al., (1981). Neither the age nor the sedimentation rate
of the Peruvian sample were determined in this work. However, the
sedimentation rate in the area of the Peru continental shelf is
thought to be high. Henrichs and Farrington (1984) reported a sedi
mentation rate of 6—11 mm a1 based on 210Pb measurements and Gago—
sian et al., (1983) reported 10-20 mm a1 on the basis of sediment
trap data. According to Niemistö and Voipio (1981), the rate of
sedimentation in the basins of the Baltio Sea studied varied from
1.3 mm a up to 7.4 mm a1.
Considerable amounts of humic and fulvic acids were obtained
from ali the sediments. The most interesting resuit is the relative
15
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Figure 3. The distribution of humic and fulvic acids
(mg/g dry sediment) in DSDP core..
abundance of humic and fuivic acids in each sediment, as iilustrated
in Fig. 2. Fulvic acids were the major components in ali the Baltic
Sea sediments (see Paper III), whereas humic acids dominate in the
Peru continental slielf (Paper II), Arabian Sea and in the Mediterranean
Sea sediments (Paper Iv). The only exception to this was the deepest
Mediterranean grey man sample (10103, 104—111 cm), where fulvic
acids dominäte (Paper Iv). It has beenshown that the ratio of fulvic
acids to humic acids decreases with burial depth of the sediment
fBrown et al., 1972; Ishiwatari 1975; Huc and Durand 1974). The
results obtajned in this work are at. odds with the above mentioned
resuits; in the case of the Mediterranean sediment sample, the highest
value for the FA/HA ratio was found in the deepest sainple.
In the degnadation study on the field diatom population,
(see Paper 1), fulvic acids were found to be the dominant fnaction
in the very early stage of humification. This is consistent with
the widely accepted hypothesis that fulvic acids are precursors
of humic acids. In order to examine the FA/HA ratio as a function
of burial depth of the sediment, let us compare the FA/HÄ ratio
from the core recovered by the Deep Sea Dnilling Project (DSDP)
from the Waivis Ridge anea (South Äfnica), (not included in Papers
1—VI, Poutanen and Monris unpublishedresuits). Fuivic acids dominate
in three (—‘5 m, --‘54 m and —144 m) and humic acids in two sections
(--‘91 m and --‘230 m) in this core (Fig. 3). The interesting fluctuation
in the FÄ/HÄ ratio found in the DSDP core suggests that environmental
factors, sedimentary input, post—depositional conditions, elimate
etc. must have a strong infiuence on the formation of humic compounds,
and that fulvic acids may not always be the intermediate stage in
the humification process.
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TABLE 1. Recovery of humic and u1vic acids (% of total alnount
of humic and fulvic acids) from sediment samples using
dilute and strong alkaline extractions.
SAMPLE Dilute extract Strong alkali
RA FA FA
s i s
BALTIC SEA
C—VI 0—5
5-10 cm
0—5 cm
0—5 cm
0—5 cm
0—5 cm
PERU (10182)
0—5 cm
10—17 cm
53—58 cm
MEDIIERRANEAN
41—48 cm
91—98 cm
104—111 cm
ARABIAN SEA (1289)
0—5 cm
8—15 cm
DSDP core
The extractability of humic compounds from sediments by
alkaline solution may vary depending on the environmental conditions
under which the sediments are deposited, and on the mineralogy of
the sample. The extractability of humic and fulvic acids was studied
in this work by means of a sequential series of alkaline extractants
of gradually increasing harshness. Repeated dilute alkaline NaOH
extractions were found to remove the major proportion of humic and
fulvic acids from most of the sediment sampies as shown in Table
1. However, the deepest sample from the Peru continental shelf needed
strong alkaline treatment to completely dissolve the fulvic acids
80—3
E8—1
Tei ii— 1
xv—’
83 91 17 9
89 83 11 17
94 77 6 23
97 82 3 18
86 66 14 34
92 83 8 17
97 75 3 25
94 75 6 25
79 29 21 71
(10103)
58 64 42 36
58 64 42 36
100 68 0 32
36 51 64 4934O 40 66 60
56 30 44 70
76 20 24 80
54 74 46 26
90 26 10 74
94 60 6 40
5.5 m
54 m
9 m
144 m
230 m
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fPaper II). In the deepest Mediterranean grey man sampie on the
other hand, practically ali the humic acid was isolated by the weak
NaOR solution (see Paper IV). In the case of the Arabian Sea sample,
about half of the humic and fulvic acids were dissolved by the weak
alkali, and the other half required the strong alkaline treatment
(Paper IV) Sections in the DSDP core sampies with a fulv;c acid
predominance, needed harsh alkaline extraation (not included in
Papers 1—VI, Poutanen and Morris, unpublished results)
The influence of the sedimentation environment on the extract—
ability of humic compounds has also been studied by Jocteur Monrozier
et al., (1983). They found that higher yieids of humic compounds
ane associated with organio material of marine onigin and oxic condi—
tions, and that a low rate of extraction is reiated to reducing
environments. The particle size and ciay—organic matten associations
have a notxceable effect on extractability as well Unfontunately
it was not poss;ble to study the particle size distnibution of the
sediment sampies or the metal—organic matter associations, in spite
of the fact that it would have prbvided additional information in
this study
2 • THE NAIN CHEMICAL CHARACTERISTICS OF SEDIMENTARY HUMIC SUBST2NCES
2.1. Elemental composition
Elemental analysis is oneof the oldest methods used to charactenize
humic substances. Aithoughthe technique iacks specificity, it can
provide a rough insight into the structure. The C/N ratio has been
used as an indicator of the origin of organic matter in different
sedimentation areas. Sediments containing organic matter of terrestria].
onigia generally have a high C/N ration (>10); lower values are
observed ja autochthonous;manine organic matter, nich in proteinaceous
components (Kukal 1971, Parsons 1975, Huc 1980). MUller (1977) neported
a C/N ratio of 6 for proteinaceous material from phytoplankton organic
detnitus. High seasonal variations ja the C/N ratios were found
ja the panticulate matter from a sediment trap expeniment in the
Baitic Propen, as well as ehanges in these ratios as a function
of waten layers (Juha—Markku Leppänen and Eila Lahdes, 1984, unpublished
resuits).
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Figure 4. C/H versus C/N and C/0 diagramme for humic and fulvic
acids of various origin. (Different sea areas have been
separated by lines to make them easier to visualize. The
lines are not based on cluster analyses).
Three distinct aread can be distinguished on the basis
of the c/ ratios of humic and fulvic acids in the different sedimen—
tation areas studied in this work, (Fig. 4); one with a C/N ratio
of > 10.5 (representing the Baltic Sea) one with a C/N ratio of
< 9 frepresenting the Peruvian and the Arabian Sea areas) and one
with a C/N ratia of between 9 and 10.5 (representing the Mediterranean
sampies). Älthough the differences between the c/N ratios of humic
and fulvic acids from different sedimentation areas are small, the
ratio could lie used as an indicator of the origin and structure
of the organic matter in sediments.
Distinet differences cannot be found between the C/H and
dl ratios (see Fig. 4) in different sea areas, but in general the
c/H and dl ratios of fulvic acids are slightly lower than those
of humic acids.
In the case of the c/o ratia, the results agree with the
general observation that fulvic acids are associated with more oxygen—
containing functional groups. c/H ratios and H contents have been
.
C/N
4
c/o
HA FA
O 0
Å
v v
1
Peru continental shelf
BaItic Sea
Mediterranean Sea
Arabian Sea
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used extensively to determine whetlier humio substances are of a
significant aliphatic or aromatic character, and the results obtained
here suggest that humic acids have slightly more aromatic character
than fulvic acids. However, the high nineral (ash) content in fulvic
acids may cause inaccuracies in Ei measurenents. This is because
the main impurities, as shown in Paper II, are silico—aluminates,
which can release a part of their Ei content at the temperature at
which the analysis was carried out (Nuo and Durand 1977).
2.2 Molecular weight distribution
There were significant differences an the molecuiar weight distributions
of humic and fulvic acids in the different sea areas fTable II). In
general, it can he concluded that the distribution of molecuiar
weight sizes in the Baltic Sea sampies yielded sinilar results,
even if they differed from the molecular weight distributions found
in the other sea areas studied. High moiecular weight fulvic acids
formed the major fractjon (Paper Iii) in the Baltio Sea sediments,
wliereas high molecular weight humic acids dominated in ali the depth
horizons in the sediments from the Peru continental shelf (II) and
from the Arabian Sea. In the case of the Mediterranean sediments,
the high molecuiar weight humic acids dominated in the sapropel
layers, whereas the molecular weight distribution of the grey man,
which underlies the sapropel layers, showed a sindiar distribution
to those of the Baitio Sea sediments - high molecular weight fulvic
acids being the major fraction. The similarity in moiecuiar weights
may he an indication of the same Idnd of sedimentary inputs, possihly
terrigenous inputs, on similar climatic conditions during the formation
of humic compounds in both areas. However, the increase in the quartz
content of grey man compared to the sapropels supports the higher
ternigenous input duning the fonmation of grey marl.
The molecular weight distnibution results suggest that
the moiecular weight distribution could he used as a rough indicator
of the onigin of organic matter in sediments. High molecular weight
humic acids dominate in the case of manine—denived organic matter
and high molecuiar weight fulvic acids döminate in the case of iand—
denived organic matter. However, care should he taken in makiiig
companisons, since only values which have been obtained using the
same fractionation methods can be oompaned.
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TABLE II. Molecular weight distributions C% of the total humic
content) of humic and £ulvic acids in marine aediments.
SANPLE Bumic fraction Molecular weight range (% of the total
humic content)
<10 000 10 000—300 000 >300 000
C-VI HA 1 2 6
0—5cm FA 10 10 71
C—VI HA 1 6 18
5—10 cm FA 15 14 46
B0—3 HA 3 22
0—5cm FÄ 26 11 37
EB—I HA 3 19
0—5cm FA 22 16 39
Teili—I HA 2 2 13
0—5cm FA 26 10 47
XV—I HA 1 3 22
0—5cm FA 35 6 33
10182 HA
— 3 49
0—5cm PA 32 6 10
10—17
— 1 44
FA 29 15 11
53—58 cm HA
— 4 45
12 17 22
10103 HA 1. 7 57
41—48 cm FA 11 4 20
91—98cm HA 1 7 67
PÄ 8 5 12
104—111 cm HA
— 1 3
FA 34 7 55
1289 HA
— 3 65
0—5cm FA 14 8 10
8—15cm HA
— 4 69
FÄ 16 5 6
2 • 3. Funational groups as indicated by titrimetric methods and infrared
spectroscopy
Functional groups have been determined in order to obtain more infor—
mation about the structure of isoiated humic and fulvic acids, keeping
in mmd, however, that titrimetric methods or infrared spectroscopy
are not sensitive enough to reveal minor structural differences. Since
so much material is needed for titrimetric methods, only a iiinited
number of functionai group determinations (total acidity, carboxyl
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Figure 5. Carboxyl group content versus total acidity for
humic and fulvic acid from Baltic Sea and
Peruvian sediments.
and phenolic hydroxyl groups) have been carried out, and only on
the humjc and fuivic acids from the Baltic Sea and Peru continental
shelf sediments.
Äs can be seen in Fig. 5, the values obtained for total
acidity and carboxyl groups were surprisingly similar in ali the
humic acids. The carboxyi content values for fulvic acids were similar,
but there was considerabie variation in the total acidity. This
ja mainly due to the high ash content of the fulvic acid fractions
(see aiso Section 2.1.).
In general, it can be concluded that the values for carboxyl
group content and totai acidity were higher for fuivic acids than
for humic acids. This agrees with the resuits from the eiemental
analyses, and the general observation that fulvic acids contain
more oxygen than humic acids.
The infrared spectroscopy of humic coumpounds aliows oni-y
a rough estimation of the number of functional groups. Bearing in
mmd the difficulties, especiaily in the purification of fuivic
acjds, interpretation of IR—spectra must be earried out carefully.
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Infrared spectra for the humic and fulvic acids were found to be
very similar, the only difference being in the intensity of the
absorbances. The most important absorption bands were found at
3 400 cm’ (hydrogen bonded OH), 1 710 cm- (C0 from quinones,
ketones, carboxylic acids), 1 630 - 1 650 cm1 (aromatic CC, C00,
hydrogen bonded c=o), 1 250 cm1 (C—o—C from alcohois, esters, ethers)
and 1 050 cm’ fC—0—C from carbohydrates). Ali these bands were
present in botli liumic and fuivic acids, although the intensity of
the absorption bands were higher for fuivic acids compared to humic
acids. The degree of aiiphaticity (bands between 2 870 and 2 960
was apparentiy higher in humic acids than in fulvic acids. The
same conciusion as was made from the titrimetrio measurements and
elemental analyses can be drawn; on the basis of the resuits obtained
from the IR—spectra, the oxygenated funetional groups were more
important in the fuivic acids1 and to a lesser extent in the humic
acids.
2.4. Structura]. information given by ‘H and ‘3C NMR
Infrared spectroscopy gives an insight into funotional groups containing
lieteroatoms, such as oxygen or nitrogen, but very iittie information
about the carbon structure. Nuclear magnetic resonance spectroscopy,
which has greatly advanced as a resuit of recent technicai deveiopments,
has become an attractjve tool for structural studies of humic substances.
Nuclear magnetic resonance spectra were recorded for humic
acids isolated from the degraded field diatom population (V, for
field experiment see Paper 1), from sediments of the Peru continental
shelf (V) and from five sediments of the Baltic Sea f VI). NMR spectra
were recorded only on fulvic acids from the five sediments of the
Baitic Sea. Both techniques, conventionai high—resoiution solution
NMR (V, VI) and solid form cross-polarization and magic angle sampie
spinning system, were used f VI).
Unsubstituted aliphatic structures were found to be dominant
components of ali the humic acids, and oniy littie aromaticity,
if any, was observed. Oxygen and nitrogen—substituted aliphatic
carbons and protons, as in carbohydrates, esters, aicohols and amines,
occurred in ali the humic acid spectra, aithough their contribution
was not significant. Carboxyi carbons, amide and ester carbons were
also present in smail quantities.
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Fulvio acids appeared to lie significantiy different from their respective
humic acids. The fulvic acids had significantly more carboxyl or
amide carbons than humic acids, which is consistent with the data
from functional group analyses and IR—spectra mentioned in Section
2.3. The fulvic acids also had more carbohydrate/ether carbons and
were less aromatic. Owing to the solubulity of carbohydrates in
weak acidic and basic solutions, the carbohydrates are most likely
to lie associated with the fulvic acid fraction. The spectra are
consistent with this observation.
The similarity of the NMR spectra frorn humic and fulvic
acids of different origin found in this study, is slightly surpris—
ing. Äccording to our earlier results (the FÄ/HÄ and C/N ratios),
it was expected that the chemical structure of humic and fulvic
acjds from the Baltic Sea sediments would have differed from those
from the Peru continental shelf sediments and from humic acids formed
by the degradation of a diatömpopulation (see Paper 1). Unfortunately
the NMR spectra were only obtained for humic acids from the Peruvian
sediments and for liumic acids obtained from the degradation experi—
nent. The results obtained so far have clearly indicated a more
terrigenous input to the Baltic Sea sedirnents than to the Peru conti—
nental shelf sediments, as expected, since the Baltic Sea is a land—
locked sea with a high river runoff and with low water exchange
with an ocean.
The degree of aromaticity is cornrnonly used as a measure
of terrigenous organic matter, because lignin residues have been
incorporated during the humification process. The degree of carbon
aroxnaticity in the marine sediment humic acids from Walvis Bay has
been estimated to range from 16 to 18 % (diatomaceous sediment;
Hatcher et al., 1983), in the New York Bight sedirnents, where the
organic matter is expected to lie of a marine aquatic origin, from
22 to 35 % (Hatoher et al., l9aOa) and in the Mangrove Lake sapropels
as low as 2 % fflatcher et a1. 1983).
In terrestrial humic acids, the degree of aromaticity te. g. from
Ärmadale Podzol, Nortli Carolina Podzol and Minnesota Peat) were
estimated to he in the range of 25—46 % fHatcher et al., 1981,
1983). Only a few NMR spectra have been pubuished for fulvic acids,
with no percentage values. However, the aromaticity of marine sedimentary
fulvic acids lias been estimated to he smaller than that of terrestrial
fulvic acids (Hatcher et al., 1983, Stuermer and Payne 1976). In
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Figure 6. The CP-MAS NMR spectra of
a) BO-3 fulvic acid (M > 300 000)
b) Dried Eriophorum-Sphagnum peat recorded
with a Jeol FT-200 spectrometer at the
University of Helsinki by Mr Tatsuo Shuke
(Paasivirta and Kuusisto, 1982).
this work, ali the NMR spectra indicated a very low degree of aromaticity
for both humic and fulvic acids. If the degree of aromaticity is
used as an indicator of the origin of humio compounds, then the
spectra suggest that marine humic compounds dominate in ali the
sediznent sampies studied.
If we compare the solid—state NMR spectrum of BO-3 fuivic
acid fFig. 6a) to the solid-state NMR spectrum of peat (Fig. 6b)
given by Paasivirta and Kuusisto (1982), there is a surprising degree
of similarity. Eriophorum
— Sphaghnum peat is light-coioured and
poorly humidified peat (Paavo Kuusisto 1984, personal communication)
A
200 150 100 50 0 ppm
B
;‘CH
CH2
—CH3
0
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and is one of the most common types of peat in Finland. Peaks that
are characteristic for a cellulose structure dominate in both spectra
fFig. 6). There was a small peak in the aromatic region (110—160
ppm) of the peat spectrum only fFig. 6b), suggesting that the amount
of ligain can also be small in terrestrial organic matter. The similarity
between the two spectra could possibly explain the absence of aromatic
groups in the Baltic Sea humic compounds, and the small similarity
to the terrigenous fulvic acids, with mucli higher aromaticity, reported
by Hatcher et al. ().980b, 1983; from Hudson Canyon sediment). This
finding indicates that terrigenous organic matter can also differ
from one environment to the other.
3. INFWcE OF THE SEDIHTARY ENVIRONMENT
3 • 1. Redox conditios
The influence of redox conditions on the occurrence and structure
of humic compounds has been studied only in the case of the Baltic
Sea sedimente (III). The preservation of organic matter ja the anoxic
basina was indicated by a relatively higher percentage of organic
carbon, nitrogen and hydrogen in the two reduced sediment sanpies
(Teili—I, XV-I) compared to the three oxic sediments (C-VI, B0-3,
E3—1). The highest concentration of carbohydrates was also found
in the most anoxic sediment fTeili—I). The influence of redox—conditions
on the humification process itself is probably of little importance,
since significant amounts of humic and fulvic acids occurred in
the oxic as well as the anoxic sediments. Humic compounds were found
fo represent the highest percentage (—55 %, see Paper III) of the
sedimentary’organic matter ja the XV—I-anoxic sediment, where the
hiybeat rate of sedimentation has also been recorded (see Section
1).
Smail differences in. the C/H ratio, which is regarded as
azzindication of the degree of condensation, werefound in the humic
and fulvic acids of different sediment sampies from the Baltic
Sea. Anaerobic bottom conditions probahly increase the hydrogen
content, thus causjng a decrease in the dl ratio. This can also
be noted ja the Baltjc Sea humic and fulvic acids, the lowest dl
ratio being in the reduced bottom sampies. This is consistent with
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the higher C/H ratios found in soil humic and fulvic acids (Bordovskiy
1965, Schnitzer and Khan 1972).
The results from the functional group determinations or
spectroscopic measurements (IR, NMR) did not show any structural
differences, and it is questionable whether redox—conditions exert
more than a minor effect on the structure and composition of humic
matter.
3.2 Origin of Uie organic matter
Each sediment has an organic matter composition that is characteristic
of its environment. The origin of the organic matter may have an
important effect on the humic substances, because only the organic
compounds present in a certain environment can take part in the
formation of humic compounds.
The marine—derived organic matter which was dominant in
the Peru continental shelf sediment has been found to be rich in
lipids (Smith et al., 1983). This could lie related to a high phyto
plankton input. Mineralogically speaking, the Peruvian sediment
contained a high concentration of diatomaceous silica and only a
small amount of calcium carbonate, quartz and feidspar as shown
in Paper II. Quartz and feldspar are of allochthonous terrigenous
origin, obviously being carried to the sediment by aeolian trans—
port. Humic acids were found to dominate in this sedimentary environ—
ment. Significant structural resemblance between these humic acids
and the ones isolated from the degrading diatom debris, freshly
sedimented from a natural field diatom population, were found fi,v).
As the Mediterranean is an enclosed sea, receiving discliarge
from several large rivers, terrigenous input is likely to lie consid—
erable. Substantial guantities of quartz and clay were detected
(IV). However, sapropels appeared to have received a large lipid
input from dinofiagellates (Dedric Smith 1983, personal communica—
tion). The is consistent with isotopic studies, the ö13C value
being —21.6 0/00 (relative to the PDB carbon standard) for the sapropel
layer (IV). The evidence of phytoplankton input into the grey man
layer was found to lie less obvious, due to the fan lower concentration
of lipids in the non-sapropelic sediment (Dednik Smith 1983, personal
communjcatjon). Humic acids were dominant, in the sapropel layers,
which suggests that similar organic compounds are involved in the
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humification process as in the Peruvian sediments. In the grey man,
where fulvic acids dominate, the onigin of the organic matter seems
to have been different, possibly terrigenous.
The isotopic composition of the carbon ( 6 ‘-3C: —19.4 to
—20.4 0/00 versus PDB) in the sediment from the Arabian Sea continental
siope, together with the results of the mineralogical studies, suggest
that a major part of the organic matter in Uiis area is of manine
origin, as shown in Paper IV. This is also supported by the humic
acid predominance. On the basis of the significant abundance of
phaeopigmeats and nitrogen compounds in the particles and surficial
sediments, Debyser et al., (1983) also concluded that the organic
matter in the sediments of the Ärabian Sea continental siope is
mostly of planktonic onigin.
In the case of the Baltic Sea, no isotopic composition
or mineralogical analyses could lie carried out to study the origin
of the organic matter in the sediments. Äccording to Jansson (1974),
most of the sedimented organic matter in the Baltic Sea is of planktonic
origin. However, near the coastline and in areas where niver discliarges
are significant, the proportion of ternigenous organic matter is
likely to lie noticeable. The amount of quartz and feldspan in the
Gulf of Bothnia, commonly used as an indicator of ternigenous input
to the sedxment, has been measured by Bostrom et al , (1978) They
reported a quartz content of 32—40 % and a feldspar content of 32—48
% around station C—VI. Slightly smaller amounts of quartz (24—32
%) and feldspar (15—24 %) were reported in areas around stations
80—3 and EB—1 fBoström et al., 1978). This suggests that the terrigenous
input in the northernmost station is slightly higher comparedto
the other two stations (Bo—3 and EB—1). However, the values obtained
for the sediments from the Gulf of Bothnia are noticeably higher
compared to the values for the oceanic sediments discussed above
and in Papers II, IV.
Recent evidence from sediment trap studies in the northern
Baltic Proper suggests that the flux of particulate organic matter
in the Teili—I area is mainly autochthonous and allochthonous, the
proportion of ternigenous matter being small (Juha—Markku Leppänen
1984, personal communication). On the other hand, being a small
sedimentation basin, the Teili—I area is a small sink for matenial
transported from areas around it. The proportion of terrigenous
organic matter to the autochtlionous organic matter in the sediment
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raay be higher than that found in particulate matter in the water
column.
No data concerning the origin of the organic matter at
station XV—I is available. However, the high sedimentation rate
(7.4 mm a’, Niemistö and Voipio 1981) suggests that the proportion
of terrigenous organic and inorganic matter around XV—I area is
rather high.
Quantitative measurements of sediment humic compounds in
the Baltic Sea areas included in this study hava not been made previ—
ausly, but the amount of humic substances dissoved in the seawater,
cemmonly called “Gelbstoff’ (Kalle 1966), have been measured. This
Gelbstoff mainly consists of fulvic acids. The light absorption
properties (the amount of dissolved humic substances) have been
found to decrease from north to south in the Gulf of Bothnia and
from east to west in the Gulf of Finland (Brown 1975).
The mean humic concentration of rivers discharging into
the Gulf of Bothnia ls estimated to be about 10 g nr3, and into
the Baltic Proper about 5 g m3 (Nyquist 1979). The annual total
river discharge of humic substances into the Bothnian Bay, Bothnian
Sea and Baltic Proper is estimated to be 1019 x i03, 809 x and
1248 x l0 tons, respectively (Nyquist 1979). Äbout 50 % of this
material is removed at the river mouths by estuarine mixing via
flocculation, adsorption into particles that settle as fecal pellets
and precipitation (Nyquist 1979, Sholkovitz et al. 1978). The annual
removal of humic substances into sediment is estjmated te be 104
x i03 tons, 235 x io tons in the Bothnian Sea and 530 x i03 tons
in the Baltic Proper (including the Gulf of Finland and Riga (Nyquist
1979). No estimates of the annual amount of humic substances produced
in the saa are available. However, some indirect comparisons can
he made by comparing the amounts ef organic carbon from allochthonous
inputs te the organio carbon produced by total primary productien
¶see Table III). As can be seen in Table III, the amount of erganic
carbon from allochthoneus input is rather lew, suggesting that a
marine derived organic input, as well as a terrigeneus input, eccurs
at all stations. The terrigeneus input is likely te he the mest
significant at ceastal station XV—I cempared te the ether statiens
in the Baltic Sea.
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TAELE III. Inputs of organic carbon (g C m2a1) to tie different
sea areas.
Sea area Allochthanous Total primary
inputa) prouctionb)
Bothnian Bay 21 15—30
Botlinian Sea 6 60
Gulf of Finland 35 100
Baltic Proper 5 100
a) Elingren1984
b) Lassig et al. 1978
The occurrence of humic and fulvic acids in the Baltic Sea sediments
was found to differ from the oceanic sediments, since fulvic acids
formed the major fract;on, as aiready discussed in Section 1 This
could either be due to differences in the organic matter from which
hum;c substances are formed, or the fact that fulvic acids, being
more abundant in river and lake waters than humie acids and being
the more water soluble fraction of humic substances, could be transported
to the sea via river discharges. They may also he washed into th
water from areas close to shorelines. The former assumption seems
to he at odds wxth the NMR results, which indicated a rather similar
aliphatic structure for oceanic and Baltic Sea humic substances The
latter assumption seems to be consistent with the CP—MAS -3C NMR
results. If we compare the two CP-MAS 13C NMR spectra, one äbtained
in this work on fulvic acid (isolated from the BO-3 sediment, Fig. 6a),
and the other on dried Eriophorum-Sphaghnum peat (Fig. 6b), there
is a surprising degree of simularity, as discussed earlier in Section
2 4 Thus without having a highly aromatic structure, it seems likely
that part of the Baltxc Sea humlc substances could stili be of terrige—
nous origin. One explanation for the different humic and fulvic
acid ratios found in Baltic Sea and oceanic sediments may also he
differences in residenee times in the water column. However, the
residence time alone can hardly explain the differences found in
the DSDP core and in the grey man layer from the Mediterranean
Sea sediment.
The finding that both terrestrial and manine humic and
fulvic acids bean such a structural resemble fböth being highiy
alipliatic), suggests either that both are derived from the same
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kind of “building blocks” or that environmental factors have favoured
the formation of a similar aliphatic structure.
4. GEOUEMISTRY OF HUMIC SUBSTNES IN MARINE SEDIMEITS
4.1 Formation of humic substances
Several ideas have been presented concerning the process by which
humic substances are formed in soil and marine sediments fWaksman
1936, Schnjtzer and Khan 1972, Wershaw et al., 1977, Harvey et al.,
1983). The so-called “lignin theory”, where polyphenols derived
from lignin or synthesized by micro—organisms are enzymatically
converted to quinones, which undergo selfcondensation or combine
with amino compounds to form nitrogen containing polymers, is commonly
accepted among soil scientists. Sediment scientists are arguing
against the lignin theory, based on the low abundance of aromatic
relative to aliphatic structures in humic substances (Stuermer and
Payne 1976, Eatcher et al., 1980a, 1981, 1983, Saito and Hayano
1981). In the ocean, the most abundant sources of organic matter
from which humic substances may he formed are the major components
of algae and zooplankton: amino acids, carbohydrates, lipids and
pigments. Ä major precursor to soil humic substances is lignin
(e.g. Waksman 1932, Schnitzer and Khan 1972), but this highly aromatic
material is not abundant in open sea water and is, therefore, not
a significant source material for marine humic substances.
The reaction, commonly referred to as the “Maillard reaction”,
between sugars and amino acids or amines to form lirown nitrogenous
polymers, “melanoidins’, has been shown to he significant (Ertel
and Hedges 1983). The first step in these reactions involves the
formation of a Shiff base between the amino nitrogen in amino acids
and the aidehyde (or ketone) group of sugars. Subsequent reactions
include rearrangements, cyclizations, and decarboxylations to form
complex, brown coloured mixtures referred to as melanoidins.
Kalle (1966) proposed the formation of marine humus or
“Gelbstoff” by a mechanism involving the condensation of amino acids
and sugars. However, the condensation of the amino acids and sugars
alone cannot account for the observed abundance of long—chain aliphatic
structures in the marine humic substances. Components such as lipids
must also take part in the formation of marine humic substances.
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Based on the resuits from the proton NMR spectra, Harvey et al.
(1983) proposed a pathway to marine humic substances by oxidat;ve
crosslinking of polyunsaturated lipids catalyzed by ultravioiet
light and transition metais .Am;no acids and sugars are regarded
as appendages to the main structures in the proposed formation pro—
cess. Because the proposed pathway is a light—assisted free—radicai
process, where air, iight and water are ali required for the reactions
to occur, the humification process is iimited to take place oniy
in surface water layers. Harvey et ai, (1983) aiso suggested that
smaiier proportion of the mar;ne humac ac;ds, with thexr associated
aromaticity but otherwise ident;cal proton distribution, are derived
from marine fulvic acids. This disagrees with the findings presented
in this study.
The resuits obta;ned in this study, together with the data
given in the iiterature, permit oniy a short discussion about the
formation process for humic substances The highly—branched network
of aiiphatic structures, with varying degrees of aromaticity, form
the basic macromolecuiar framework in ali the humic and fuivic acxds
exam;ned The aiiphatic structures may be derived from the poiy—
unsaturated fatty acids, which have been found to be abundant in
the sediments in areas under intensive primary produetion (Smith
et ai., 1983). The abundance of 0 and N—containing functionai groups
is aiso characterist;c of the structure xndicating that compounds
such as amino acids and carbohydrates are invoived in the humificatiön
process, too. However, the results obtained in this study are in—
sufficient to propose any process for the structure and formation
of marine humic substances1 but they support the Maiiiard—type reaction
where, in addition to amino acids and carbohydrates, phytoplankton—
derived lipids take part in this reaction. An abundant occurrence
of iigni:n or iignin—iike structures was not detected even in the
Baltic Sea humic substances. On the other hand, humi-c substances
from terrestrial deposits such as soiis and peat bogs studied by
Hatcher et ai., (1983) were found to be highly aromatic, and the
NMR spectra resembied very much those of iignin, supporting the
assumption that iignin is the major precursor to non—marine humic
substances.
Whatever the chemical reactiöns invoived in the formation
of humic substänces are, humic and fuIvic acids are formed rapidiy,
as indicated by the degradation experiment (1) and the fact that
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PERU (10182)
of THS/T0M and FÄ/HÄ.
humic substances dominate aiready in the surface sediment under
areas of intensive primary production and high rates of sedimentation
(11,111).
4.2. Diagenetic changes of humic substances
TÄBLE IV. Total amount of humic substances (mg g1, THS), total
organic matter in sediment (mg g1, TOM) and the ratios
Sample THS POM* THS/TOM PAulA
mg g1 mg g1
0—5 cm 190 286 0.7 0.6
10—17 cm 177 227 0.8 0.7
53—58 cm 140 170 0.9 0.8
MEDITERRANEAN 10103
41—48 cm 9 40 0.2 0.6
91—98 cm 12 52 0.2 0.3
104—111 cm 3 5 0.6 28
BÄLTIC SEA
C—VI 0—5 cm 17 56 0.3 11
30—3. 0—5 cm 25 65 0.4 3.0
EB—1 0—5 cm 18 59 0.3 3.7
Teili—I 0—5 cm 46 117 0.4 5.0
)CV—I 0—5 cm 72 130 0.6 3.0
ARABIAN SEA (1289)
0—5 cm 36 40 0.9 0.4
8—15 cm 25 38 0.6 0.4
total organic matter = tot. org. C. x 1.8
It was inferred in the previous section that humic substances may
be formed rapidly from dead phytoplankton cells, and that both humic
and fulvjc acids are present aiready in the uppermost layers of
sediments. The formation reaction of humic substances stiil continues
in the surficial and deeper sediments, but its reaction rate may
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be small compared to the initial stage of formation. Some quantitative
changes in humic substances can be seen in the two deep cores (cores
from the Peru continental shelf and the Mediterranean Sea) analysed
in this work (II, IV). In both cores the proportion of alkaline
extractable humic substances to the total organ;c matter of the
sediment increases slightly as a function of depth fTable IV). This
suggests that organic compounds in the sed;ment are transformed
in the humification process into humic substances, or that non—hwnic
organic compounds are decomposed by microbial processes. In the
surficial sediments from the Baltic Sea and the Arabian Sea, the
proportion of total humic substances to the total organio matter
varies from 0.3 to 0.9. The relative abundance of fulvic acids compared
to humic acids increases too as a function of depth, as stated aiready
in Section 1 (Table Iv)
Referring to what lias been stated in the foregoing sections,
the increase in the ratio of fulvic acids to humic acids disagrees
with the hypothesis that fulvic acids are precursors of marine humic
acids. Differences in extractability by aqueous alkaline solutions
could also be due to structural differences and these may cause
the increase in the PAulA ratio. The results also indicate that
fulvic acids can be formed directly from the organic matter available
in each sedimentary environment.
Structural changes in the humic and fulvic acids are evident,
but they were not studied in this work.
E X P E R 1 ME N T Ä L
The sediment sampiing sites examined in this study are given in
Table V. Different methods were applied to characterize the sediment
sampies. The redox potential of the Baltic Sea sediments was rneasured
according to the method described by Bågander and Niemistö (1978). Sub—
sampies were taken for smear siide analysis under the microscope. The
carbon, nitrogen and hydrogen content was deterrnined on freeze—dried
samples using a CNH—analyzer (Hewlett Packard, F&M 185). Carbohydrates
were estimated by the phenol-sulphuric acid method describedby
Artem’yev et al., (1971).
Opal and quartz were determined in the Peruvian, Arabian
and Mediterranean sediments by the X—ray diffraction technique on
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TABLE V. Sampling sites.
Station narne Water &pth Type of corer Core descnption
Lat. Long. m gIen m paper;
Baltic Sea
C—VI 65°14,0N 23°34,0E 69 Box corer & Niemistöcorer III
00-3 64°18,0N 22°21,0E 109
—
— III
08-1 61°040N 19°44,7’E 124 — - III
Teiti-I 59°26,5N 21°32,O’E 157 —
— III
XV—l 60°15,0N 27°15,0E 60 — — III
Coastal Peru
10182 12°06,6’S 77°29,8W 207 Box corer II
Mediterranean
10103 36°097N 20°28,6’E 2895 A Kastenlot corer IV
Arabian Sea
1289 19°17,6N 58°22,6E 823 Round barrel gravity cerer IV
a Philips 1410 XRF Spectrometer with CuKa radiation, following methods
given by Eisma and Van der Gaast (1971) and Calvert (1966), respec
tively. Total and carbonate carbon were determined using a Leco
Gravimetric Carbon Änalyzer by measuring the C02 evolved by dry
combustion at 1100 °C, and by hot 10 % HC1, respectively. Organic
carbon was obtained as the difference.
Radio carbon and stable carbon isotopic measurements f IV)
have been done at the Scottish Universities Research Reactor Centre,
East Kilbride, Scotland.
Humic substances were isolated from the sediments using
alkaline extraction. The procedures employed for the extraction,
fractionation and purification of humic and fulvic acids are summarized
in Fig. 7, and described in detail in Paper II. The molecular weight
fractionation by ultramembrane fiitration was performed using Diafio
ultrafjltratjon membranes XM—300, XM—100, PM—30 and PM—l0 and ari
Ämicon ultrafiltration cell. The asli content of purified humic
and fulvic acid fractions was analyzed by igniting them for four
hours at 800 qD, and the elemental analyses done on a CHN analyzer,
respectively. Both the asli content measurements and CHN analyses
were performed in duplicate or in triplicate. The coefficient of
variation for the carbon, nitrogen and hydrogen analyses was 8 %
and for ash 10 %.
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Jiment sample I
1) suspended in distilled water;
centrifuged (about 3000 rpm)
{idJ supernatant
2) extracted with a mixture (1:1) of
0.05 M Na4P207 and 0.05 M NaOH (N2)
3) extracted with 0.05 M NaOH (N2) until colourless
4) extracted with 0.1 M NaOH (N2) until colourless (1, II)
5) extracted with 0.5 M NaOH (N2) undi colourless
6) refluxed with 0.5 M NaOH (N2); centrifuged (about 3000 rpm)
residue each supemataot(discard) (HA and FA)
7) Fractionate to different molecular weight
fractions with ultrafllttation
Membrane Membrane Membrane Membrane
XM300 XM100 PM3O PMIO
>300 000 >100 000 >30 000 >10 000 <10 000
1 1 1
acidtfy with acidify acidify acidfy actdify
6M ICl to pH 2
__________ __________
1
_________
1 1 1 1 •1
HA FA HA FA HA FA HA FAresidue
supernatant Afl other racti ns treated as >300 000 HA and FA, respectivy
(FA)
- redissoive IFA>100 000 J I5>30 000 j jFA>io 000 [FA<iO 000.
- repreclp)tate
HA>100 000j IHA>30 ooa7 JHA>10 HAc10 0OO
- diaiyze
— freeze-dry — COfltSCt with 0.05 M HCI for 24 h
- exposure to 0.05 M NaOH for 24 h
rA>300 000
— exposure to aqueous solution at pH 2 for 24 h
- dtaiyze
— freeze—dry
FA>300 000
Figure 7. Procedures used for the extraction, fractionation and purification
of humic and fulvic acids.
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The functional group analyses were carried out whenever possible
in duplicate with a reproducibility of 10 % following the procedure
given by Schnitzer and Khan (1972). The total acidity was determined
using NaOH solution Cm N) instead of Ba(OH)2 solution. The carboxyls
were determined by ion—exchange with calcium acetate solution. The
phenolic hydroxyl group content was estimated from the difference
between the total acidity and the carboxyl group values.
The optical densities of the water sampies (1) were measured
at a wavelength of 465 nm and 665 nm using a Beckman DU spectrophoto
meter. The pigment content of humio and fulvic acids was estimated
on a Beckman DB—G spectrophotometer.
The infrared absorption spectra were recorded either with
a Perkin-Elmer model 457 spectrophotometer (in Papers III and IV)
or with a Perkin—Elmer model 580B spectrophotometer with a Perkin
Elmer Infrared Data Station (v). KBr pellets were used.
The SMR spectra of the humic and fulvic acids were obtained
in a solution of 40 % NaOD in D20 Cv), and in the solid form by
means of cross polärization and the magio angle spinning 13C NMR
technique. The sampies were run on a Jeol FX—200 FT NMR spectrometer
at the Instrument Centre of the University of Helsinki CV, VI).
More detailed information about the methods and instrumental
systems is presented in Papers 1—VI.
CONCLUSIONS
Marine sedimentary humic substances can originate from marine, terres—
trial or mixed organic matter according to the nature of the sedimentary
input. Noticeable differences have been found between the abundance
of humic and fulvic acids, depending on the origin of the organic
matter in the sediment. Humic acids were found to dominate when
organic matter is of marine origin, whereas terrestrial or mixed
organic matter produces more fulvic acids. The ratio between the
humic and fulvic acids can be used as an indicator of the origin
of organic matter in marine sediments.
lkali-exctractable humic compounds in marine sediments
are mainly composed of high molecular weight humic and fulvic acids. The
ultrafiltration technique was found to be a useful fractionation
method for sedimentary humic substances. It is not too time-consuming
and large guantities of extracts, which are needed if further studies
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are to lie carried out, can lie handled rather easily. Humic substances
consist of different chemical moieties witli different molecular
weights. For this reason molecular weight fractionation is recominended
to lie used as a ‘purification step’ prior to further analysis.
Both lium;c and fulvic acids were found to lie formed rapidly Ä
slight increase in the ratio of fulvio acids to humic acids following
burial of the sediment was observed in two sediment cores, suggesting
that either fuivic acids are not definitely precursors of humic
acids or that in the deep sections of the sediment humic acid is
so tightly bound to the sediment, that it can not be extracted witli
an aqueous alkaline solution.
According to the results of the NMR studies, the structure
of humic and fulvic acids of narine and mixed terrestriai origin
is dominated by aliphatic structures. This implies that some cormnon
source component is present in aquatic and terrestral plants, and
that this component is incorporated into the humification products
Considering the possible common components of terrestrial and aquatic
plants tliat can form unsubstituted aliphatic structures, unsubst;tuted
lipids appear to lie the most likely precursors. The similarity between
the NMR spectra of the Baltic Sea fulvic acid and the dried peat
suggest that terrestrial organic matter dominates in the coasta].
sediment samples
Determining the structure of humic substances is a difficuit
task. NMR holds great potential for the structural analysis of humic
and fulvic acids, but alone ja not enough to give a complete picture
of this complex macromolecular structure. Otlier techniques, e.g. pyro—
lysis gas chromatography—mass spectrometry and mild degradation
techniques could lie applied together with NMR studies, however,
bearing in mmd that they can destroy or aiter portmons of the struc—
tures.
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